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Objectives: Serum albumin (SA) is one of the most
abundant proteins in human plasma and performs func-
tions for protein transport, scavenges for free radicals,
and regulates osmotic pressure. SA has been used for
therapy in humans with several diseases including hypo-
volemia, hypoalbuminemia, and chronic liver disease.
However, the most appropriate source of albumin for
medical applications remains unclear, especially in the
case of viral infections, which complicates finding viable
donors. Substitution of human serum albumin (HSA)
with albumin from other natural sources is a viable
alternative. Therefore, we elucidated the similarity in
character, structure and evolutionary relationship among
serum albumin isolated from seven different species.
Methods: We compared the sequence, structure, and
properties of SA from different species using an in-silico
approach.
Results: These data suggested that SA has sequence
polymorphism that clusters based on closely related-
species. However, these polymorphisms do not change
the three-dimensional structure of the protein; this may
serve to maintain its function as a transporter. The Gallus
gallus albumin has the lowest number of the epitopes that
closely resemble HSA.
Conclusion: This study is crucial in providing explicit
information about the structural similarity of albumin
isolated from other species compared to HSA. The Gallus
gallus SA might be used as a primary natural source of
albumin where warranted for human therapy.his is an open access article under the CC BY-NC-ND license
16/j.jtumed.2016.04.003
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Serum albumin (SA) is one of the most abundant proteins
in blood plasma, which is easily found in the animal system.
Their functions are transport protein, scavenge free radicals,
and regulate osmotic pressure.1e3 SA molecular weighs
approximately 67 kDa and is composed of three identical
globular domains. The crystal structure of SA from various
mammals shows similarities with human serum albumin.4
Manymedical procedures require SA, such as a therapeutic
agent in hypovolemia, hypoalbuminemia, and chronic liver
disease.5 The United States Food and Drug Administration
(FDA) approves the use of human SA, which is extracted
from human plasma or produced recombinantly.6 However,
the use of SA medically remains problematic, especially due
to issues with viral infection, finding viable donors, and the
high production cost, all factors that result in a high cost to
the consumer. Substituting SA from another source of
albumin is onealternative solution thatmay solve theproblem.
Therefore, we elucidated the similarity in character, struc-
ture and evolutionary relationship among serum albumin of
several species. This study provides critical information on the
similarity of albumin from other species compared to human
SAanddemonstrateswhichmaybemost similar.These similar
forms of albuminmight be used as a primary natural source of
albumin where warranted for human therapy.
Materials and Methods
Sequence data mining
The SA amino acid (aa) sequence from seven animal
species: human (Homo sapiens; P02768) and orangutan
(Pongo abelli; Q5NVH5) for mammal; chicken (Gallus
gallus; P19121) for birds; cobra snake (Naja naja; Q91134)
for reptiles; African frog (Xenopus laevis; P08759) for am-
phibians; and Atlantic salmon (Salmo salar; P21848) for fish,
as representative proteins from each class, were retrieved
from the Uniprot (www.uniprot.org) database in FASTA
format. Sea lamprey (Petromyzon marinus; Q91274) SA was
added as the outgroup for this study. The selection was based
on the “reviewed” tag from the Uniprot database.
Alignment and phylogenetic tree reconstruction
To reconstruct a phylogenetic tree, multiple sequence
alignment (MSA)was employed to every aa sequence based onprotocol.7 MEGA 6.08 was used to apply the MSA using
multiple sequence comparison by the log-expectation (MUS-
CLE) algorithm.9MSA results were further validated with the
GUIDANCE webserver (http://guidance.tau.ac.il/). Pairwise
alignments by Bioedit10 were used to determine the identity
and similarity between each class’ representative sequences.
The phylogenetic tree was reconstructed using MEGA 6.0. A
maximum-likelihood algorithm with a Whelan and Goldman
and gamma distribution (WAG þ G) model were used to
rebuild the tree.11 The model was chosen based on theMEGA
6.0 prediction for the best evolutionary model. Each gap and
missing data in the MSA were deleted.
Molecular modeling
The structure of each of the representatives was predicted.
The PSIPRED webserver (http://bioinf.cs.ucl.ac.uk/psipred/)
was used to predict the two-dimensional structure, as well as
the function.12 The PHYRE2 webserver (http://www.sbg.
bio.ic.ac.uk/phyre2/html/page.cgi?id¼index) was used to
predict each representative three-dimensional structure with
the intensive mode modeling method.13 The three-
dimensional models for Homo sapiens were retrieved as a
PDB (www.pdb.org) (accession number: 1N5U) and visual-
ized using PyMOL 1.3 (The PyMOL Molecular Graphics
System, Version 1.3 Schro¨dinger, LLC).
Protein surface analysis
Webserver 3D-surfer (http://dragon.bio.purdue.edu/3d-
surfer/) with its VisGrid algorithm14 was used to perform
local surface geometry analysis of the models for each SA
representative. The results obtained included regions of the
cavity, protrusion, and the flat geometry for each model.
The surface analysis was visualized using PyMOL 1.3
(The PyMOL Molecular Graphics System, Version 1.3
Schro¨dinger, LLC).
Antigenicity analysis
Antigenicity analysis was employed using webserver hos-
ted by the Immunomedicine Group, Universidad Complu-
tense Madrid (http://imed.med.ucm.es/Tools/antigenic.pl).
The models were assessed for antigenicity to B Cells based on
the Kolaskar and Tangaonkar method.15 The antigenic
region was then visualized using PyMOL 1.3 (The PyMOL
Molecular Graphics System, Version 1.3 Schro¨dinger, LLC).
Results
Sequence alignment and phylogenetic tree
The phylogenetic tree suggests that SA can classify the an-
imal species based on the respective class (mammal, bird, am-
phibians, fish, and reptile)withhighbootstrap value (Figure 1).
These data suggested that SA might be used to distinguish
species and is separated according to evolutionary status. SA
was initially used as the molecular clock and as the
immunological marker to determine relationships in some
animal groups. Cross reactivity between two species anti-sera
may indicate the closeness in the phylogenetic relationship
Figure 1: Maximum likelihood phylogenetic tree from serum albumin of seven animal species (WAG þ G model; 1000 bootstraps).
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75%cross reacts with the othermammals with the same order,
5e30%withdifferent orders, less than3%withbirds, anddoes
not cross-react at all with reptilian and amphibian serum al-
bumin.16,17 Several studies have described the evolutionary
relationship using only SA sequences and found interesting
results. Metcalf et al.18 mentioned that the phylogenetic
profile of SA depends on the algorithm used (ALIGN and
TREE, maximum parsimony, or neighbor-joining) to
construct the tree. Therefore, some researchers used both
the morphological and molecular character to build the
phylogenetic tree or use more than one molecular marker.19
Protein structure and function
PSIPRED analysis showed that the 2D visualization of
eachSAconsists ofa-heliceswithoutb-sheets linkedwith coils
in each domain of the protein. Although the sequence has no
more than 67% similarity and has a relatively low percentage
identity for each class (Table 1), the 3D models and their
mature molecular weights are almost similar (Table 1;
Figure 2). All SA structures showed a “V” shape with three
domains, 180 aa each, except for the amphibian SA
(confidence level >90%). The amphibians showed an “O”
structure with three identical domains, each consisting of
200 aa (Figure 2). The disulphide bridge of SA based on the
PROSITE analysis in the UNIPROT database shows that
every class representative has more than 14 disulphide
bridges, and only the snake has 14 disulphide bridges. The
PSIPRED analysis predicted the biological function all of
the SA as transport proteins, receptor binding proteins, and
zinc ion binding. Moreover, the report also predicted that
many of the residues may be phosphorylated and only the
SA from Naja naja and S. salar may be glycosylated.Table 1: Pairwise alignment matrix of serum albumins from 7 specie
Identity/Similaritya Homo
sapiens
Pongo
abelii
Gallus
gallus
Naja
Homo sapiens
Pongo abelii 0.985/0.991
Gallus gallus 0.474/0.669 0.474/0.671
Naja naja 0.326/0.528 0.325/0.523 0.305/0.528
Xenopus laevis 0.384/0.574 0.385/0.572 0.371/0.586 0.299
Salmo salar 0.282/0.481 0.282/0.479 0.285/0.501 0.280
Petromyzon marinus 0.156/0.239 0.150/0.236 0.138/0.248 0.153
a Identity/similarity value based on BLOSUM62 algorithm.
b Molecular weight data relies on UNIPROT Database.Surface analysis
Based on the VisGrid of the 3D-surfer analysis, the three
biggest cavities of each of the representative SA are mainly
located in the first domain or the cleft of the “V” structure,
while the three most prominent protrusions are primarily
located in the third sphere. All of the SA models showed few
flat regions (Figure 3). The “V” cleft and the third domain
may contribute to their active binding site based on the local
geometry. A review by Fasano et al.20 stated that the cleft in
the “V” region of HSA is one of the fatty acid binding sites
called FA1, a heme binding site due to its ability to bind
hemin. Based on our model, all of the SA models (except X.
laevis) have the biggest cavity in the “V” cleft (red color in
Figure 3). This could be associated with the FA1 site if
compared to the data from Fasano et al.,20 but more
evidence is needed to support this statement. The protrusion
on the protein surface may function as a ligand pocket as
the negative image of the protrusion creates a pocket
structure.14 Most the protrusions identified by VisGrid 3D-
Surfer in our models are located in the third domain
(yellow, purple, and light blue color in the Figure 3). The
third domain of the HSA is the most active domain in terms
of ligand binding.21 The binding site in the third domain of
HSA is called Sudlow Site II, which is able to bind propofol
and thyroxine.20Antigenicity analysis and epitope mapping
Antigenicity analysis was employed to determine
immunoreactivity with the human immune system. A
Kolaskar and Tangaonkar analysis of the antigenic region
was spread to the entire domain of the SA, and it is thes and mature protein molecular weight.
naja Xenopus
laevis
Salmo
salar
Petromyzon
marinus
Molecular
weight (kDa)b
69,367
69,480
69,918
69,799
/0.499 70,500
/0.464 0.274/0.460 67,151
/0.250 0.139/0.225 0.145/0.243 159,094
Figure 2: The three-dimensional Structure of SA was predicted by PHYRE2 webserver. A:Homo sapiens; B: Pongo abelli; C. Gallus gallus;
D: Naja naja; E: Xenopus laevis; F: Salmo salar; Red: domain 1; Green: domain 2; Blue: domain 3.
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Every domain has its antigenic region. However, the
numbers of epitopes among the SA were different. The
S. salar SA has the highest number of epitopes (35);
Pongo abelii and Gallus gallus have the lowest epitope
counts (27); H. sapiens have 28 epitopes; and Naja naja
and X. laevis SA have 31 and 33 epitopes, respectively
(Figure 4).
Discussion
The SA sequence comparison between Human with other
species indicated that HSA is closely related with P. abelii,
and these data are consistent with a report from Fanali et al.2Although the sequence of SA is variable and less similar
among the species, the 3D structure is similar. This
suggests that the motif of the SA contributes substantially
to structure conservation. The PROSITE analysis shows
that the SA has a minimum of 14 disulfide bridges. The
high number of disulfide bridges may contribute to 3D
structure conservation.4 Additionally, the data suggested
the biological function of SA as transport proteins,
receptor binding proteins, and zinc ion binding. It is
already well known that SA operates as transport proteins
in another species besides humans.4
Further analysis indicated that among the species, only
SA from Naja naja and S. salar may be glycosylated. Fanali
et al.2 state that the ancestor of the SA is a glycosylated
Figure 3: The Surface Geometry Analysis from SA by 3D-Surfer webserver. A: Homo sapiens; B: Pongo abelli; C. Gallus gallus; D: Naja
naja; E: Xenopus laevis; F: Salmo salar. Red: First largest cavity, Green: Second largest cavity, Blue: Third largest cavity; Yellow: First
largest protrusion, Purple: Second largest protrusion; Light blue: third largest protrusion; Orange: Flat region.
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because it does not have an Asn-X-Thr/Ser tri-peptide
acceptor sequence to perform N-glycosylation. The protein
local geometric features are associated with its function, such
as ligand binding.14 We then analysed the local geometry
features to predict the protein binding sites that have a
function for transport protein. Our findings suggested that
SA from various species may have a similar area for ligand
binding activities and support the fact that SAs are
transport proteins.
Because the structure and function of SA among the
present cases assessed are similar, we checked the antigenicityof the various SAs. This analysis is imperative to examine the
human immune response were the protein to be applied as a
substitute for HSA clinically. Based on the database from
WHO (http://www.allergen.org/), over 30 animal and plant
species that have SA (or its family) can induce allergenic
reactions in humans. According to Spitzauer,22 SA may
cause an allergy by digestion, inhalation, or topical
contact. SA may bind to immunoglobulin E and a cause
type 1 allergy reaction.23 Our analysis showed that Gallus
gallus SA has a lower number of epitopes and similarity of
structure, offering a potential for developing it as a natural
source of albumin.
Figure 4: The antigenicity of SA by Kolaskar and Tangaoskar method. A: Homo sapiens; B: Pongo abelli; C. Gallus gallus; D: Naja naja;
E: Xenopus laevis; F: Salmo salar. Red: Antigenic region recognizable by human B-cells; gray: non-antigenic region.
R. Nurdiansyah et al.248Conclusion
The SA polymorphism of mammals, apes, reptiles, am-
phibians, and pisces generated a phylogenetic tree according
to animal classes. The polymorphism of SA does not change
the three-dimensional structure that may be conserved to
maintain the function as a transporter. The Gallus gallus SA
has the lowest number of epitopes among the proteins ana-
lysed and has a closer relation with HSA. This information
warrants its development as a natural source of SA.Statement of potential conflicts of interest
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